OBJECTIVE: To determine, in a retrospective semi-longitudinal study, the pattern of weight changes over 11 y in a population of subjects who developed their overweight as adults. DESIGN: A randomly selected population of 2436 subjects from the County of Copenhagen with ages 30 ± 60 y was followed by body weight determinations on three occasions between the years 1982 ± 83 and 1993 ± 94. SUBJECTS: At the last examination, 660 subjects had attained a body mass index (BMI) of ! 28 kgam 2 . Of these subjects, 341 had a self-reported BMI at 25 y of less than 25 kgam 2 . RESULTS: In 1994, average yearly weight changes since 1983 ranged between 0.9 and 1.2 kg in the younger (30 ± 40 y) 0.4 and 1.2 kg in the older (50 ± 60 y) men and women during the preceding 11 y. These changes were similar over the two periods of 5 and 6 y. More than half of the subjects had weight gains between 6 and 21 kg, about equally distributed between the two periods. Women displayed larger and more frequent gains than men, as did the younger compared to the older subjects. CONCLUSIONS: The data show that weight changes to attain overweight are highly variable among subjects. However, in most subjects, the weight changes were so small and continuous that simple theories of control by means of ®xed 'set points' cannot explain the results. In fact, the weight changes were generally so small that they are unlikely to be re¯ected in food consumption studies and in studies of macronutrient metabolism.
Introduction
Knowledge of rates of body weight change in subjects who develop overweight have implications for the understanding of several pathophysiological aspects of overweight, for example, the hypotheses of weight control that include`set points' and the physiological and clinical signi®cance of the rates of weight changes.
Several studies of weight changes over time in overweight subjects have been published, 1,2 as well as studies describing the development of obesity over time, 3 ± 5 but we have found only a few studies on long-term weight change rates in the part of the population that develops overweight as adults, 6 and none that included more than two measurement points over time. We report here the results of observations made in the context of the Danish MONICA project. 7, 8 The database
Subjects
The study population included 3608 Danish citizens aged 30, 40, 50 and 60 y at the baseline examination in 1982 ± 1984. This group was re-examined 5 y later in 1987 ± 88, where 2987 participated, and again 6 y later in 1993 ± 94, where 2656 subjects participated. The population sample identi®ed in 1982 included 4807 subjects, and was an age-and sex-strati®ed random sample of the Danish population, selected from the Central Person Register, among citizens who all lived in the Western part of the Copenhagen County. 9 Subjects not born in Denmark were excluded (n 226). The remaining 4581 subjects were found to be reasonably representative of the total Danish population with respect to sex, age, educational level, occupation and housing, but people employed in agriculture, horticulture, ®shery and self-employed and unskilled workers were slightly under-represented. Non-participation has been described elsewhere 8, 9 but, in brief, a telephone interview among non-responders revealed that among those who were invited but did not attend, school education and social class were lower, and a higher proportion were smokers. 10 A total of 2436 subjects contributed with complete data on weight and height in 1982 ± 84 and at two follow-up studies, 5 and 11 y later in 1987 ± 88 and in 1993 ± 94. These subjects were also asked to give their body weight at the age of 25 y.
Anthropometry
Height (Ht) was measured to the nearest 0.5 cm with subjects standing without shoes, heels together and head in the horizontal Frankfurter plane. Body weight (BW) was measured to the nearest 0.1 kg, using a SECA scale (Vogel & Halke, Hamburg, Germany), and subjects wearing only hospital underwear. 11 
Statistical methods
Analyses of variance and multiple linear regression analyses were performed to evaluate mean differences between the two genders, and to adjust the weight changes for age. Differences between mean or median values were tested using analysis of variance or Wilcoxon's two sample test, respectively.
The project was approved by the Ethical Committee for the Copenhagen County and is in accordance with the Helsinki II Declaration.
Results
Drop-outs: Compared to the 2436 men and women, who attended all three examinations, the 1170 who attended only at baseline were slightly older (both P`0.001). However, there was no difference in response rate for the men and women, and after adjustment for age-differences in response, baseline BMI was similar for responders and drop-outs.
Out of the total of 2436 subjects, approximately 15% (n 374) had attained a BMI ! 30 kgam 2 at the third examination, that is the second follow-up in 1994. Of those who had attained a BMI ! 30 kgam 2 , 165 (approximately 6% of the total group) had a BMÌ 25 at the age of 25 y. De®ning overweight as ! 28kgam 2 , 660 subjects (365 men and 295 women) had attained a BMI of 28 kgam 2 or more at the ®nal examination in 1994. Among these subjects, 341 (162 men and 179 women) had a BMI`25 at the age of 25 y. The average yearly weight changes in men and women aged either 30 ± 40 y or 50 ± 60 y, are shown in Table 1 . They ranged from 0.7 to 1.2 kg per year in the younger men and women, and from 0.4 to 0.6 in the older men and women, with similar values in the ®rst ®ve and the following six years. All values were associated with large standard deviations, up to about twice those of the mean values. Figure 1 shows the distribution of weight changes among those 341 men and women with an attained BMI ! 28 kgam 2 , and a BMI`25 kgam 2 at age 25 y. For subjects of the same age, weight changes over 1 to 11 y period were generally larger for women than for men, and younger individuals of both sexes were more likely to gain than lose. The average weight changes during the years from age 25 and the ®rst study was 10.9AE 9.6 kg (10.5 AE 9.2 kg for men and 11.4AE 10.1 kg for women) in the group of 660 subjects with an attained BMI ! 28, and 13.4 AE 8.2 kg (13.9 AE 9.0 kg for men and 12.9 AE 8.3 kg for women) in the group of 341 subjects who in addition had a BMI`25 kgam 2 at age 25 y. The distribution of weight changes, and their relation to the average yearly weight changes, is shown in Table 2 and 3. Very few subjects had weight changes of more than 2 kgay over the 11 year period (6 men and 12 women). In both men and women, mean yearly weight changes were greatest for those who were initially leanest, whereas the variation in yearly weight change was greatest in those with a higher initial BMI, Figure 2 .
Patterns of weight change were essentially similar for the 165 men and women who reported a BMI`25 at age 25, but who had attained a BMI ! 30 kgam 2 (data not shown).
Discussion
In the present population based sample of adult Danes, aged 41, 51, 61 and 71 y in 1993 ± 94, approximately 1a4 had a BMI ! 28 kgam 2 , and about half of these had developed their overweight as adults. It appears that a considerable amount of the weight gain took place in the years after age 25 y, and most of this in the younger subjects. This observation is in agreement with the study on adult Finns, 2 where the greatest variability in weight change was found for the age group 15 ± 29 y. Furthermore, the data show that among the 660 subjects, who had attained a BMI ! 28 kgam 2 , the weight changes during the ! 6 y ranged from about 0.4 ± 1.0 kg per year, with similar changes during the preceding 5 y. The 341 subjects, who, in addition, were lean at the age of 25 y, had mean yearly weight changes of the same magnitude. All mean values were statistically different from zero, and were characterized by very large standard deviations. This observation has been reported previously. 4 ± 6 In addition, we and others found that the Weight gain in Danish adults BL Heitmann and L Garby variation in subsequent weight change increased particularly in the obese. 6 . This observation suggests a less accurately working control mechanism in the obese than in the lean subjects. Among the 660 and the 341 subjects, one fourth and one sixth, respectively, had experienced no or only small weight changes during 11 y, and had apparently reached their individual overweight already at the start of the study in 1983. On the other hand, more than half of the subjects gained between 6 and 21 kg during the 11 y period of observation, and their weight gains, of between 1.0 and 1.5 kg per year, were about the same in the two periods of 5 and 6 y. This latter result does not support the idea that body weight is primarily dominated by a control system with a ®xed`set point`, where any weight gain must be assumed to take place at a much higher rate until the`®nal' weight is reached. Rather, the data are consistent with control by means of a`set point' with a rather wide`error band' or`slack', in which case external signals play a major role.
The mean daily weight increase for men and women was between 1 and 3 grams during the 11 y of study. These weight gains correspond to an average daily`overeating' of about the same weight of fat, or doubly that amount of carbohydrate. Such quantities cannot be measured in food consumption studies and it is dif®cult to imagine that underlying primary disturbances in the metabolism in these subjects could be measurable. However, the relatively large between-subject variation (Table 1) shows that a considerable number of subjects have much larger (and smaller) weight changes.
One possible limitation of the present study includes a selective non-response to participation and drop out to follow-up. Although this was not apparent for those attending the baseline examination only, compared to those attending all three examinations, it has been shown earlier that subjects who never turn up are more obese than participants. 12 This phenomenon leads to an underestimation of both level and variation of BMI in population studies. Hence, the rates of weight gain reported in the present study may be slightly conservative, but this does not affect the overall results.
Conclusion
The present study showed that the yearly weight gains among subjects who developed their overweight as adults are small and continuous, and hence the present results exclude the possibility of weight control by means of a ®xed`set point'.
